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MATEMATHYECKHUE MOJEJIA JJISA PACYETA
TEXHHYECKUX XAPAKTEPUCTHUK UWINHAPHUYECKUX
AHTEHH C TPOJOJIBHBIMH HIEJISIMHA B CJIYUAE TE-BOJIH

ITo6ynoBani MaTeMaTH4HI MOJENI UL BHIIAJKy BUIPOMiHIOBaHHS nutiHapuaHoi TE-XxBui 3 mOMOBX-
HIX LIIMH Ha 0a3i TiNepCHHTYIApHUX ab0 CHHTYISIPHHUX IHTErpajbHHUX PIBHAHB. JIMCKpeTH3aLis mpo-
BeJICHa YHCEIBHUM METOJIOM JUCKPETHHUX OCOOIMBOCTEH, 3 BUKOPHCTAHHSIM KBaApaTypHHUX (GopMyI iH-
TePIOJALIHHOTO THITY.

ITocTpoensl MaTeMaTHUECKUE MOAEIH UL Clydas M3TydeHus HunuHapudeckux TE-BoiH U3 mpopons-
HBIX IIeJIeil Ha 0a3e TUIEPCHHTY/SIPHBIX M CHHTYJISIPHBIX MHTETPAIBHBIX ypaBHeHHH. J[uckpern3amys
MPOBE/ICHA YMCICHHBIM METOJIOM AMCKPETHBIX OCOOCHHOCTEH, C HCII0Ib30BaHNEM KBAPATYPHBIX (op-
MyJI UHTEPIOJIALMOHHOTO THIIA.

For the case of cylindrical TE-wave radiation from longitudinal slits mathematic models are built on the
basis of hypersingular and singular integral equations. Discretization is carried out with the numerical
method of discrete peculiarities, using quadrature formulae of interpolation type.

Beenenune. Monenbs pe30HATOPHOM anepTypHON aHTEHHBI — HAEAIBHO POBO-
Jsias MUTHHAPUYECKas MOBEPXHOCTh C KOHEYHBIM YHCIIOM MPOJIOJIBHBIX MIEJEH,
KOTOpast BO30YX/IaeTCsl TMHEHHBIM NCTOYHHKOM, PAcIIONIOKEHHBIM Ha OCH IMJIHH-
npa. Takue >35eKTpOAMHAMHUYECKHE CTPYKTYPBI HCIIONB3YIOTCS, KaK 3epKalbHBIC
anTeHHbl CBY 1 B aHTEHHOM TEXHUKE 7151 aBUALIMK U PAKETOCTPOEHHUS.

v B pabote [1] m3yueH ciydail W3IydeHUS

TM-BoJIH U3 NPOAOJIbHBIX LIENEH B LUIUHIPE.

A IMpennaraemast paboTa MOCBSIIEHA PELICHHUIO

by 3aga4n m3nydeHus TE-BoyH n3 uaeansHO mpo-
BOJISIILETO IMIMHAPA CO MIEISIMU.

82 MaremMaTHdeckoe OIMCAaHWEe YKa3aHHOM

bz'\,\ a X IEKTPOJVMHAMUYECKON 3a7add — KpaeBas 3a-

S nmada Ui ypaBHeHus ['empmroseiia. OHa cBe-

JIeHa K TPaHUYHBIM THUIEPCUHTYISIPHBIM, a

TaKKe K CHHTYJSIPHBIM HMHTErPallbHBIM YpaB-

HeHusAM. JlUCKpeTHas MaTeMaTHdecKas MOJCIb

9THX YpaBHEHHMH NOCTpOeHa Ha 0a3e MeToza

IUcKpeTHBIX ocobenHoctelr (MIO), u, B KO-

HEYHOM cYeTe, NMPUBOJUT K CHCTEMaM JIMHEH-

HBIX anreOpandeckux ypaBHeHuid (CJIAY), depes pemeHne KOTOPBIX BBIPAXKaIOTCs

NpUOIMHKEHHBIE 3HAYEHHS TEXHWYECKHMX XapaKTEePUCTHK PacCMaTPHBAEMBIX aH-

TeHH. CKOpOCTh CXOJMMOCTH NMPUONMKEHHBIX 3HAUYCHHH K TOYHBIM MOXET OBITh

OIICHECHA aHATUTUYECKH [2-3].

I

Pucynox 1 — Ilonepeunoe
CeUCHHE LIMIUHAPUYECKOH
MIOBEPXHOCTH C M LIEISIMU.
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IMocTranoBka 3agaun. B pabore paccMOTpeH ciiydail U3JIydeHHs CTaIl[OHAp-
HOM 3JIEKTPOMarHUTHOW UUIMHAPUYECKON BOJIHBI, 3aBUCUMOCTb OT BPEMEHU JaeT-
cst MHOXKHTENeM e ' Pacnpoctpanenue BOJIH MIPOUCXOAUT B OAHOPOJHOM U U30-
TponHo#l cpene. Ha ocu nmnuHapa pacnonokeH UCTOYHUK LMIMHAPUYECKON BOJ-
Hbl. M3BECTHO, YTO 3JIEKTPOMAarHUTHOE IOJI€ BHYTPU M BHE paccMaTpUBaeMOM
3JEKTPOAMHAMUYECKON CTPYKTYpPBI YIOBJIETBOPSIIOT YpaBHEHUsIM MakcBeia.

3anaya U3TydyeHUs] UMIMHAPUYECKON BOJIHBI U3 MPOAOJIbHBIX IIENIeH HUINHA-
pUYECKON aHTEHHBI CBEJEHA K KpaeBol 3amadue Heilmana ans ypaBHeHus I'enbM-
roJbla [2] ¢ rpaHunei, n300pakeHHOH Ha puc. 1. BBeneHs nonsipHbIE KOOpAWHA-

1 (r,0).
BBenem 0003HAYCHUS: MYCTh IIENU — AYTH (aq,bq ), q =1,....,m OKpPYXHOCTH

S, paauyca a,
m
a,=aa,, b,=ap,, (pe(aq,ﬁq), LEU(aqﬂq),a CL=[-m,z]\L.
q=1

Cyxenue nyr meneit Ha miockoctb XOY (cm. puc. 1) (L) Oynem Ha3biBaTh
«OCHOBHBIMM MHTEpBaJaMi», a CyKeHHe Ayr MeTamnndeckux jeHt (CL) — «io-
TIOJTHUTEJILHBIMH HHTEPBAAMHU».

Vickomast pynkius u(r,¢), ONUCHIBAIOMWIAs TOJIE BO BCEM IPOCTPAHCTBE BHE

ayr CL u (r,¢)=H_(r,p), yIOBIETBOPSCT CIEAYIOLUM YCIOBHSM:

L4 YpPaBHCHUIO FeJ’IBMFOHBHa

Au(r,@) +k*u(r,p) =0, (1
® TPAHUYHOMY YCJIIOBHIO
ou(r, 0 s
o)l _ o)l g, @)
al” r=a 8r r=a

®  YCIIOBMSIM M3JIyueHUs1 3oMMepdenba;
e ycrmosuro MaifkcHepa Ha peope.

3mech
Uy (”»‘P)=H(()l)(k7’)—CH(()2) (kr) mpu r<a,
(l)/
H k
rac C:M,TaKqTOM EO;MO(F,(P)ZOHpI/Ir>a.
H (ka) o |,

Orpauuuenns HCKOMOM (GyHKIHH u(r,¢) Ha KPYr r <d ¥ BHELIHOCTh Kpyra
r>a, obossaunm coorserctBenHo u' (r,¢) wu u (r,p). Ecmu Qysxkuun

u' (r,p), r<a w u (r,p) r>a yIOBIETBOPSIOT yPaBHEHMIO I'eIbLMIOIbLA 1

BBITIOJIHCHBI T.H. «YCJIOBUS CONPSKCHUSA JId ITOJIHOT'O TTOJIA
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; pel 3

r=a

(u+ (r.9)+up (r,go)) = (r.9)

ou* (r,(p)| _ou” (r,go)|
or B or

,pel, (€]

r=a

r=a

TO CymiecTBYeT GyHKuMs u(r,), YAOBICTBOPSIOLIAs yPABHEHHUIO I'elIbMroIbIa BO
BCEM IIPOCTPAaHCTBE BHE OOBEAWHEHUS IyT CcL OKPY’XKHOCTH S, TIpH4eM
u(r,p)=u"(r,@), npur<a wu(r,p)=u (r,Q), npu r>a.

®ypse-npescrapnenus s Gynkumii u” (r,¢) u u” (r,@), yroBneTBopsio-
e ypaBHenuto I'enbmronbna (1), IMEIOT BUIL:

ut(r,p)= Z CiJ, (kr)em‘/’ ,r<a,

n=—ow
u (r,p)= Z C H (kr)ei"‘” ,r>a,
n=—w
npuaeM u~ (r,¢) YAOBICTBOPSET YCIOBHIO H3TydcHHs 3oMMepdersa.

Ucnonb3ys ycnoBus conpsbxerus (3-4) v rpaHudHoe ycnoBue (2), moiaydaem
napssiii pag Oypse:

Z C,lfnei""’ = —u0|r:a , pel
- , 5)
> Ce™ =0, peCL
r1e BBeIEHEI 0003HAYEHHUS:
HW , ,
r,= J",(ka) ) ,(ka) , CtI, (ka)=C HY (ka)=C,, neZ.
J, (ka) H (ka

n

Ipuuem umeeT MecTo acumMnrToTH4eckas Gopmyina npu n—>o: [, = §+ 0[%] .
n
BbIBO CHHIYJISIPHOTO MHTErpajbHOr0 YPaBHEHUS HA «OCHOBHBIX MH-
TepBajax». CeneM 3anauy (1)—(2) Kk CHHIYIIpPHOMY MHTETPAJIbHOMY YPaBHCHHIO.
JelicTBys Tax ke, kKak 1 B pabote [3], cBoaum napHoe ypaBHeHHE (5) K CHH-
TylIapHOMY HHTerpassHoMy ypaBHeHHio (CHUY) c DONMOJHUTENBHBIM YCIOBHEM.
JJ1st 5TOrO0 BBOJIMM B PACCMOTPEHHE HEU3BECTHYIO (DYHKIIHIO

v(p)= i C,e" . (6)

n=—o0
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VYaoBnerBopsis ycioBuio MaiikcHepa Ha peOpe W ceiaB 3aMEHy IepeMEH-

HBIX, IEPEXOIUM OT HHTEpBaja (aq , ,Bq) K CTaHJIJapTHOMY HHTEpBAITy (—1, 1) :

B, —«a B +a
gq:(_l’l)_)(aq’ﬁQ):tHez qz qt"l‘ qz q’

2w

V(¢)|(aq,ﬂq) ﬂq —a, \/J .

OKOHYATEJIFHO CHCTEMa CI/IV Ha CTaHJApPTHOM MHTEpBaJIe IPUHUMAET BUJL:
1

B w, (¢t dt
—v.p.J#— —Zijq ttg)w, () =0, g=l..m, (7)
TSty N1 T ool 1-¢2

" JOIIOJHUTCIIbHBIC YCIOBUS:

—2:7ruo|r:a, qg=1...m. ®)

rae qu (t,t) =—

b,—a 1) .
K, (t.t))= qz q n(]”n—B;Jsm(n(gp(t)—gq(to))), p=1..,m;

di, T,

1
=-(1-5,,)B|1
qu(t) ( Pq) :..1 n|gp ~ & to | / _to 2
M
dt, dty

gp gq (1) ‘F+J.R t%)ﬁ;
qu<mo)=i{ o Jcos( (2, ()2, (1))

sin

—BI In
-1

n=l1

Jluckperu3anus MpoBeJCHA METOJOM JUCKPETHBIX ocobOeHHocTed [2]. s
MOJTy4eHUs] TPUOIMKEHHOTO peleHus ypaBHEeHUs (7) ¢ JONOJIHUTENBHBIM YCIIOBH-
eM (8), 3amMeHsieM HeM3BECTHbIE (DYHKLWH, TJIaJIKHe sApa W NpaBble YacTH MX HH-
TEPHOJISIIMOHHBIMH MOJIMHOMaMH, UILEM NpUONIMKeHHbIe pemenus 3axaqn. [lomy-
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YaeM CUCTEMbI MHTErPAJIbHBIX YPaBHEHHUH JUIsl IPUOIMKEHHBIX pelieHui.. Vcnos-
3ysl KBaJpaTypHbie (HOPMYIIBl MHTEPIONSAIHUOHHOTO Thma [2] K CHCTeMaM HHTe-
TpajJbHBIX YPaBHEHHUH, OCTPOCHHBIX I MPUOIIKEHHBIX PEIIeHUH, CBOJUM CHC-
TE€MY HMHTETPaJbHBIX YPAaBHEHUH C JOMOJHUTENbHBIMU YCIOBUSAMH K SKBHUBAJICHT-
HOM CJIAY OTHOCHTENHHO 3HAYCHUI HEW3BECTHBIX (DYHKLMII B y3i1aX UHTEPIIONH-
poBanus [4] (9). Uepes pelieHre KOTOPHIX MOJIy4aeM MPUOIMKCHHBIC (C KOHTPO-
JUPYEeMON TOYHOCTBIO) PEIICHHS.

N,
N, w |t ¢ N
B < Q(l ) L G N, N, N
N_ —Nq N, +Z—N Zqu (ti p’tO(;I)Wp(ti p):O
q i=1l; _tOj p=11Vp i=l
N,
—-a q
B maom|P% W, (r,.N‘f)+ : ©)
N, 2

m

1 il N N
+ N_Zqu (ti ! )Wp (ti ! ) = ””0|r:a
]

p=1""p i=l

rae j =L Ny =1, g=1...m.

BbIBOA rPAHNYHOT0 TMNIEPCUHTYJISPHOTO HHTETPAJILHOTO YPAaBHEHHS HA
«IOMOJTHUTEJILHBIX HHTEPBAJIaX». B ciiyyae BRIYHMCIICHUS MMOJIS, U3IyYCHHOTO U3
HIesei MaJbIX pa3MepoB, YAOOHO pacroyiarath TOYKH MHTSPHOJISIIUN HE B MICIIX
CTPYKTYpBI, @ Ha MeTaiuie. [[jst aToro crienaeM B mapHoM psize (5) 3aMeny:

B
C,=—",n=0
Fﬂ
¢ B Lom
FO FO k r=a
Teneps napHoe ypaBHeHue (5) npuMeT BHI:
> B, =0, pel
L , (10)
© B N
Z Dne Mo , peCL
n=—o0 Fn FO r=a

IIpu s3TOoM

(O]
FL: Jn’(ka) B Hﬂ] ,(ka) EDO|n|+D1L+o[L2j.
| J, (ka) HY (ka) n]\n
Kak un Ipyu BBIBOJAC I'PaHUYHOTO HMHTETPAJILHOI'O YpaBHCHUSA Ha «OCHOBHBIX
HMHTEpBaJiax», BBEIEM HOBYIO HEH3BECTHYIO (DYHKITHIO.
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v(go)z i Bneimp .

n=—00

IIpumMeHss mapaMeTpUUecKue MpeCTaBICHUS] HHTETPAIBHBIX ONepaTopos [5]
C TUIIEPCUHTYJSIPHBIM U TJIAJKUM AIpoM K mapHoMy psamy (10), 3amumem rumep-
CUHTYJIIpHOE HHTerpanbHoe ypaBHeHHe (I'CY) Ha cucteMe OTpe3KoB B BUJE:

—&a.f.p.jﬂde—ﬂ v(0)In sin9;¢|d9—Dl In2 [v(o)do+
- T T

2 CL 2sin 9 2(0 cL | cL
+% [ K(H,(p)v(O)dH—k;—;;J. v(0)do = f(9), (11)
cL cL
e K(@,(p):Z{Fn—D0|n|—Dlﬁ}cos(n(q)—6)); M =1 (o).
n=1 0 r=a

VYnoBnersopsis ycioBuo MaiikcHepa Ha peOpe W celaB 3aMEHy IepeMCEH-

HBIX, IEPEXOIUM OT HHTEpBaja ( By-0ty ) K CTaH/IapTHOMY MHTEPBAITY (—1,1) :

a +1_ﬂq

g":(_l’l)_)(ﬂq’aqﬂ):“_)@: 4 tJrﬁqua‘”l

2 2
(O] (g,.,) = V1= (0. (13)

Kak u B 3amaue Ha «OCHOBHBIX MHTEpBanax», 3ameHsst B (11) HemsBecTHbIC
(yHKIMH, TIIaIKKE SIpa ¥ TIPAaBbIe YaCTH UX WHTEPIOIAHOHHBIMY ITOJTMHOMAMH 1
yuutbiBas (12-13), wmmem mpuOMmKeHHBIE pelneHus 3afgadu. Vcmomb3ys MeTon
IUCKpeTHBIX ocobeHHocTel, cBoauMm ['CUY (11) k CIJIAY [4]:

) (12)

N, -1 j+k 2
B et () {25
N, & r (tN!,_th) 2 F J N, 2

k#j 0 0k

k=1 r=1 P
2 N, -1
m ﬂ - 1 9 N 2
'Z( St 2 =) e 7 o)) -
q=1 q k=l
N,-2 .
:fp(toj ), ]zl,...,Np—l, p=1..m. (14)
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BeiBoasl. B paboTe mocTpoeHB MaTeMaTHYECKIE MOJICIH, aIeKBaTHBIE COOT-
BeTCTBYIOLIEH (hu3uueckoii 3anaue. Kpaesbie 3a1aun st ypaBHeHui ['enpmromnbua
C TPaHUIIEH — IITMHAPHUIECKON MTOBEPXHOCTHIO C MPOIOIBHBIMHA ICTSIMA, CBEICHBI
K THIIEPCUHTYJSIPHBIM, a TakXKe K CHHIYJISPHBIM HMHTETpalbHBIM ypaBHEHUSIM Ha
cucrteMe OTpe3koB. Ha 0a3e 3THX TpaHWMYHBIX MHTETPATBHBIX YpaBHEHHUHA IOCTPOE-
HBI JUCKpETHbIe MaTeMaTudeckue mojaenu (9), (14) mist mpubnuxeHHOro (¢ KOH-
TPONMPYEMOH TOYHOCTBIO) PEIICHMs YyKa3aHHBIX KpaeBbIX 3amad. IlocTpocHHBIE
JUCKpPETHbIE MAaTeMAaTUUECKUE MOJENH, TI03BOJIAIOT MIPOBOAUTE YHCIIEHHBIE JKCIIe-
PUMEHTHI 110 OTIPENICICHUI0 TEXHIMYECKIX XapaKTePUCTHK (IHarpaMM HarpaBlieH-
HOCTeH, mosieit B OMKHEH 30HE) AJS aHTEHH C KOHEUHBIM YHCIIOM TNPOJOIBHBIX
niesiel, Kak 3To cAeNaHo, Hanpumep, B [1].
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MOJIEJJMPOBAHUE TAPMOHHWYECKOM BOJIHbI IEPEHOCA
JIJISI CBA3AHHBIX KOJIEBAHUI BUHTOBOI'O CTEPXKHSI

CTBOpEHO JiHiapi30BaHy MOJENb i CKIAJCHO PIBHSIHHSI CHEPreTHYHOro OalaHCy AJsS He3racarovoi rap-
MOHIYHOI XBIJII TpaHCHAMIl (TBUHTOBOTO (JOHOHA), IO PYXAEThCSA IO IIUTIHAPUYIHOMY TBHHTOBOMY
CTPMKHIO 31 IIBUAKICTIO 3ByKa. 3alPOMOHOBAHA MOJIE/Ib KBAHTYBAHHS aMILTITYIH XBHJIi.

Co3paHa NMHEApU30BaHHAs MOJIENb M COCTABICHO ypPaBHEHHME SHEPreTHYECKOro OanaHca IJIs HE3aTy-
XaloIel TapMOHINYECKOH BOJIHEI TPAHCIBIIAY (BHHTOBOTO (hOHOHA), MBIKYIISHCS 110 IHINHIPHIECKO-
My BUHTOBOMY cTepskHIO. IIpenoskeHa Mojieb KBAHTOBAHUS aMILUIUTYbl BOJIHBL.

A mineralized model has been created and also an equation of the energy balance for a sustained har-

monic repeater wave (screw phonon), which moves along a cylindrical spiral core has been formulated.
A model of the quantization of a wave amplitude has been suggested.
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